The thermal problem of this note was solved with the hope of using it to try to test the theory that the earth was formed by accretion on the dust cloud hypothesis;1 but there are many uncertain and unknown physical factors involved and, on reflection, it seems that the contemplated thermal considerations are unable at present to help in drawing conclusions. However, it is hoped that the following mathematical solution may be of interest and aid to others having related problems involving less uncertain physical conditions.
As the spherical case presents some difficulties, we shall merely consider here a homogeneous semi-infinite medium moving with constant velocity v in the positive x-direction, as shown in Fig. 1 . Material is supplied both at a constant rate and at a Fig. 1 . Curves of T(x, t) as given by (5) for t = 0, h , and U = 4<i , when a, v, K and U all equal unity. The plane x = 0, which is held at a fixed temperature To , represents the free surface of the accreting semi-infinite medium at t > 0. The dashed line of slope a/v represents the asymptotic value of the temperature for large values of t.
steady temperature T0 to the surface x = 0 of the medium, in such a way that the medium always exists continuously in the region 0 < x < °°, while for a: <0 there is a vacuum. In other words, x is measured to the right from the free surface of an accreting semi-infinite homogeneous medium, f For t < 0 and 0 < x < °° the temperature is everywhere a constant, T = T0 . At time t -0, however, the generation of heat begins throughout the semi-infinite medium at the constant rate A cals/cm3-sec and this heat generation continues indefinitely. For t > 0 the surface x = 0 continues to be held at the constant temperature T = T0, and the material accreting at the plane x = 0 contains the same uniform distribution of heat sources, A cals/cm3-sec, as the rest of the material in the region 0 < x < . The problem, then, is to find T(x, t) for this situation when t > 0 and 0 < x < oo.
The appropriate differential equation is dT d2T dT , A dt dx dx cp where c and p are, respectively, the uniform specific heat and the uniform density of fThe accreting material arrives at the plane x = 0 with zero velocity, so that it carries no kinetic energy, and hence no heat is evolved on its arrival.
NOTES
[Vol. VII, No. 4 the homogeneous medium, and K is its diffusivity (defined as the thermal conductivity divided by cp). Accordingly, K, v, A, c and p are all constants in this problem. Using the method of the Laplace transform we now introduce the quantity T = L{T\ = Jo e~viT{x, t) dt, where p is a constant. Defining a = A/cp we may follow the usual procedure of the Laplacian method and rewrite Eq. (1) as
which is a second order differential equation with constant coefficients. The solution of Eq. (2) may be written as
where At and A2 are functions of p, found by inserting the boundary conditionsJnto Eq. (3). Proceeding now to do this, we may say that (i) when x -0, T = T0 and T = T0/p, from which it follows that a/p2 = -{At + A2); and that (ii) as x -><», T -> T0 + at, so that T -> (T0/p) + a/p2, from which we have At = 0.
Combining these values of Ax and A2 with Eq. (3) we find that
The inverse transforms of the first two terms are T0 and at, respectively, and, as shown (5) is seen to reduce properly for the special cases of x = 0, a = 0 and t = 0. Furthermore, it satisfies the differential equation (1), and it reduces as v -*■ 0 to the appropriate expression for a stationary medium.3
2A. E. Benfield, Q. Appl. Math. 6, 439 (1949) , in which Eq. (11) is equivalent to the transform given here.
3Cf. H. S. Carslaw and J. C. Jaeger, Conduction of heat in solids, Clarendon Press, Oxford, 1947, p. 60, where Eq. (2) is for a similar but not identical case with v = 0.
